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® Ttie invention provides a shaped article of a fluorine- 
containing synthetic resin havino improved surface prop- 
erties such as increased wettability with water, printabili^ 
susceptbility to adhesive bonding and less acc;.muIa«on of 
static electricity. The improved sheped article is obtained by 
subjecting the surface of the article to exposure to low 
TJ^T'^ f^'^"*' in a low pressure atmos- 

Lfh « , ".•«''««"-f?"»'""fna gaseous organic compound 
such as amines, imides and amides. 
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FLUORINE-COKTAINING SYNTHETIC RESIN SHAPED ARTICLES 
HAVING IMPROVED SURFACE PROPERTIES AND A METHOD FOR " 

THE PREPARATION THEREOF 

5 BACKGROUND OF THE INVENTION 

The present invention relates to a shaped article o.f a 
fluorine-containing synthetic resin having improved surface 
properties and a method for the preparation thereof. More 
particularly, the invention relates to a shaped article of a 

10 fluorine-containing synthetic resin having Increased wetta- 
bility, printability, susceptibility to adhesive bonding, 
moderate antistatic performance and the like improved sur- 
face properties and a method for the preparation of such an 
improved shaped article of a fluorine-containing synthetic 

15 resin by the method of treatm nt of the article with low 
temperature plasma produced in specific gaseous atmo- " 
sphere. 

As Is well known, shaped articles of fluorine-contaln- 
2 0 ing synthetic resins, typically represented by polytetraf lu- 
oroethylene resins, are very excellent in general in their 
chemical stability and heat resistance as well as In their 
electric properties, very low coefficient of friction and 
weathering resistance. On the other hand, some of their uni- 
25 que surface properties cause several serious problems in the 
practical use of such shaped articles. Specifically, the 
surfaces of shaped articles of fluorine-containing synthetic 
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resins have poor wettability with water, poor receptivity of 
printing inks, insusceptibility to adhesive bonding and ex- 
tremely strong accufflulation of static electricity to cause 
various disadvantages and inconveniences in the practical 
5 application of them so that their application field is nar- 
rowly limited. 

With an object to solve the above described problems in 
the shaped articles of a fluorine-containing synthetic res- 

10 in, several methods have been proposed in the prior art in 
which the surface of the shaped article is subjected to the 
treatment by electric corona discharge or to the exposure to 
an atmosphere of low temperature plasma of an inorganic gas 
to cause surface oxidation resulting in the improvements of 

15 the surface properties to some extent. These methods are, 
however, far from satisfactory because the improvement ob- 
tained thereby is Insufficiently low and, moreover, the ef- 
fect obtained by the above mentioned treatment has very poor 
durability and permanency. 

20 

On the other hand, several attempts have been made by 
the treatment with chemicals or graf t-copolymerization on 
the surface by utilizing irradiation with actinic rays such 
as electron beams, ultraviolet light, gamma rays and the 
25 like in order to obtain improved surface properties of the 
shaped articles. These methods are, however, disadvantageous 
from the practical standpoint due to the complicated process 
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Involved in the method and difficulty in obtaining desired 
degree of improvement presumably due to the extreme chemical.. 
stability of the fluorine-containing synthetic resins. 

5 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a novel and improved shaped article of a fluorine- 
containing synthetic resin having improved surface proper- 
ties such as increased wettability and printability , in- 
10 creased susceptibility to adhesive bonding and moderate an- 
tistatic performance. It is also an object of the present 
invention to provide a novel and improved mdthod for the 
preparation of a shaped article of a fluorine-containing 
synthetic resin having improved surface properties as men- 
15 tioned above. 



Thus, the shaped article of a fluorine-containing syn- 
thetic resin provided by the invention as a result of the 
extensive investigations undertaken by the inventors is cha- 
20 racteristic in that the surface thereof has been subjected 
to exposure to an atmosphere of low temperature plasma under 
a pressure of 10 Torr or below of a nitrogen-containing gas- 
eous organic compound represented by the general formula 
R^-N-R^, R^-C-N"R5 or r'^-N-R^-N-R^, 

in which R^ , R*^, and R^ are each a substituted or unsubsti- 
tuted monovalent hydrocarbon group, R^ , R^, R^ > i R^, R^^ 
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and R are each a hydrogen atom or a substituted or unsub- 

g 

stituted monovalent hydrocarbon group and R is a substitut- 
ed or unsubstituted divalent hydrocarbon group. 

5 Consequently, the method of the present invention com- 

prises subjecting the surface of the shaped article of a 
fluorine-containing synthetic resin to exposure to an atmo- 
sphere of low temperature plasma of a nitrogen-containing 
gaseous organic compound specified above under a pressure of 
10 10 Torr or below. 

DETAILED DESCRIPTION OF THE PREFERRED- EMBODIMENTS 
As is described above, the inventive shaped article of 
a fluorine-containing synthetic resin has a surface having 

15 been subjected to a low temperature plasma treatment in a 
gaseous atmosphere of a specified nitrogen-containing organ- 
ic compound and the effect of improvement in the surface 
properties obtained by this treatment is very remarkable and 
outstandingly excellent in the durability and permanency in 

20 comparison with the effects obtained in a low temperature 
plasma treatment using a conventional inorganic or organic 
gaseous compound. This unexpectedly remarkable improvement 
obtained by the plasma treatment of a specific nitrogen-con- 
taining organic compound is presumably due to the formation 

25 of an extremely thin layer of modified nature on the surface 
having a thickness of 0.1 ^ or smaller, of which the adhe- 
sion to the body of the fluorine-containing synthetic resin 
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Is extremely firm and the velocity of Its formation is much 
larger than on the surface of other types of synthetic res- 
ins resulting in the very easy and rapid appearance of the 
effect of improvement in the surface properties of the in- 
5 ventive article. 

As indicated in the analytical examination by the sur- 
face-reflective Infrared spectrophotometry and electron 
spectrometry such as the ESCA method, such a modified layer 
10 actually exists on the surface of the shaped article and can 

be identified to be a layer of a crosslinked polymer includ- 

■ 

Ing structures with linkages of R-N, R'=N and R"=N, where R, 
R'- and R" are each an organic group, and the presence of 
auch a layer is directly visible by use of a scanning-type 
15 or transmission- type electron microscope. 

Needless to say, the effect of the plasma treatment is 
limited to the very surface of the shaped article and the 
excellent properties of the bulk body of the article Inher- 
20 ent to the fluorine-containing synthetic resin are little or 
not at all affected by the plasma treatment including the 
high chemical stability and heat resistance. 

The fluorine-containing synthetic resin of which the 
25 inventive shaped article is formed is not particularly limi- 
tative including various types of homopolymers and copoly- 
mers having carbon-to-fluorine linkages in the molecule in 
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general. Exemplary of the fluorine-containing synthetic 
resins to which the present invention is applicable are po- 

- lytetraf luoroethylenes, polychlorotrlfluoroethylenes, poly- 
vinylidene fluorides, polyvinyl fluorides, copolymers of 

5 tetraf luoroethylene and hexaf luoropropene, copolymers of 
tetraf luoroethylene and a perf luoroalkyl vinyl ether, copo- 
lymers of tetraf luoroethylene and ethylene, copolymers of 
chlorotr if luoroethylene and ethylene, copolymers of vinylid- 
ene fluoride and hexafluoro isobutene and the like. 

10 

The shaped article of the above named fluorine-contain- 
ing synthetic resin may be prepared in any conventional 
molding method without particular limitations including com- 
pression molding, ram extrusion molding, paste extrusion 

15 molding, calendering and dispersion fabrication as well as 
extrusion molding, injection molding, melt shaping and the 
like. The form or configuration of the shaped article is al 
so not particularly limitative provided that uniform expo- 
sure of the surface of the article to the plasma atmosphere 

20 is ensured. The shaped article may be fabricated with the 
resin formulated with various kinds of additives convention 
ally used in the fabrication of fluorine-containing synthet 
ic resins including fillers such as glass fibers, graphite 
powder, molybdenum disulfide, bronze powder and the like, 

25 surface active agents, emulsifiers, stabilizers and plasti- 
cizera such as fluorocarbon oils. The effect of improvement 
in the surface properties by the plasma treatment is little 
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affected by the formulation of these additives. 

The most characteristic feature in the Inventive shaped 
article is that the surface thereof has been subjected to 
5 the treatment with low temperature plasma of a specific ni- 
trogen-containing gaseous organic compound represented by 
either one of the above given three general formulas. Exem- 
plary of such nitrogen-containing organic compounds are 
.amines, imines, amides and imides as well as derivatives 
10 thereof including methyl amine, dimethyl amine, trimethyl 
amine, ethyl amine, diethyl amine, triethyl amine, n-propyl 
amine, di-n-propyl amine, tri-n-propyl amine, n-butyl amine, 
n-amyl amine, n-hexyl amine, lauryl amine, ethylene diamine, 
trimethylene diamine, hexamethylene diamine, ethanol amine, 
15 diethanol amine, allyl amine, aniline, N-methyl aniline, al- 
lyl dimethyl amine, di(2-aminoethyl) ether, 1-dimethylamlno- 
2-chloro ethane, cyclopropyl amine, cyclohexyl amine, ethyl- 
ene Imlne, 1 -methyl ethylene imine, formamide, N,N-dlmethyl 
formamide, capronamide, amlnoacetal, benzyl amine, plperl- 
20 dine, pyrrolidine, morphollne and the like as well as deri- 
vatives thereof, of which the non-heterocyclic compounds are 
preferred. When the nitrogen-containing organic compound has 
a relatively high boiling point or relatively low vapor 
pressure at room temperature not suitable for introduction 
to the plasma atmosphere as such, suffici-ent vapor pressure 
can be obtained by heating the compound. 
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The inventive shaped article of the fluorine-containing 
synthetic resin is obtained by subjecting the shaped article 
to exposure to the atmosphere of low temperature plasma of 
the above named nitrogen-containing organic compound so that 
5 the shaped article is imparted with remarkably improved sur- 
face properties such as excellent wettability, printabili ty, 
susceptibility to adhesive bonding and adequately controlled 
antistatic performance and these improved surface properties 
are retained durably and permanently during the serviceable 
10 life of the shaped article. 

The plasma treatment according to the present invent ion\^ 
is performed by generating low temperature plasma in a plas- 
ma chamber containing the shaped article while the pressure 

15 inside the plasma chamber is maintained at 10 Torr or below 
by continuously introducing the nitrogen-containing gaseous 
organic compound at a controlled rate into the plasma cham- 
ber with simultaneous pumping out so that the surface of the 
shaped article is exposed to the atmosphere of low tempera- 

20 ture plasma of the gas for a desired length of time. 

The pressure inside the plasma . chamber should be main- 
tained throughout not to exceed 10 Torr or, preferably, in 
the range from 0.001 Torr to 1 Torr in order to obtain ex- 
25 cellent and sufficient effect of improvement of the surface 
properties. When the pressure in the plasma atmosphere is 
increased over 10 Torr, the desired effect of improvement 
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rapidly decreases in contrast to the conventional phenomena 
encountered in the plasma treatment within an atmosphere of 
other gases and in the plasma polymerization. It Is of 
course that an extremely low pressure below 0,001 Torr is 
5 undesirable due to the instability of the electric plasma 
discharge across such an atmosphere. 

The conditions for generating low temperature plasma in 
a low-pressure atmosphere of a gas is well known in the art, 
10 For example, a high-frequency electric power of 10 watts to 
100 kilowatts at a frequency of 10 kHz to 100 MHz is suppli- 
ed to the electrodes of a plasma chamber, the electrodes be- 
ing installed either inside or outside of the plasma cham- 
ber, while the pressure inside the chamber is maintained at 
15 a desired low pressure by introducing the specified gas at a 
controlled rate. Sufficient effects of the plasma treatment 
can be obtained regardless of the type of the electric dis- 
charge which may be glow discharge or corona discharge. The 
length of time for the plasma treatment may widely differ 
20 depending on various factors including types of the synthet- 
ic resins, desired effects of improvements, types of the ni- 
trogen-containing organic gaseous compound, conditions of 
plasma discharge and so on but sufficient improvements can 
be obtained usually by the treatment for a length of time in 
25 the range from a few seconds to several tens of minutes. 

It is of course optional that the above specified 
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nitrogen-containing gaseous organic compounds may be used 
either singly or as a combination of two kinds or morie ac- 
cording to need expecting a possible synergistic effect. It 
is further optional that the gaseous atmosphere of the low 
5 temperature plasma is constituted of a gaseous mixture of 
the nitrogen-containing organic compound and an organic gas- 
eous compound of other types or an inorganic gas such as in- 
ert gases, e.g. helium and argon, nitrogen, oxygen, air, hy- 
drogen, water vapor, carbon dioxide, carbon monoxide and the 
10 like. The combined use of such additional gases may be ef- 
fective in some cases to give additional secondary improve- 
ments on the properties other than those as the primary ob- 
ject of the present invention. It should be noted, however, 
that the partial pressure of such an additional gas in the 
15 plasma chamber is desirably 0.5 Torr or below or smaller 

than one tenth of the partial pressure of the essential gas- 
eous component of the specified nitrogen-containing organic 
compound. 

20 Following are the examples to illustrate the invention 

in further detail but not to limit the scope of the inven- 
tion in any way. In the following examples, the effective- 
ness of the plasma treatment of the shaped articles of fluo- 
rine-containing synthetic resins according to the invention 

25 was evaluated by measuring several surface properties of the 
articles before and after the treatment including the con- 
tact angle of water on the surface as a measure of the 
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wettability, receptivity of printing inks as a measure of 
the printability, adhesive bonding strength by use of two 
kinds of adhesives and charge voltage by rubbing as a mea- 
sure of the antistatic performance. The procedures for the 
5 measurement of these items were as follows. 

Receptivity of printing inks: a printing ink was uniformly 
applied on to the surface of the test specimen and the com- 
pletely dried film of the printing ink was cut with a sharp 
10 knife in a checkerboard-like manner at 1 mm intervals of the 
incision lines in each direction to make 100 squares of each 
1 mm X 1 mm wide. Then, a commercially available adhesive 
tape of sufficient width was applied and bonded by pressing 
on to the area of the specimen surface cut in the above man- 
15 ner and the adhesive tape was peeled off at a peeling veloc- 
ity of 10 cm/second to examine the number of the 1 mm x 1 mm 
squares of the ink film left on the surface unremoved by the 
adhesive tape. 

20 Susceptibility to adhesive bonding: two pieces of the test 
specimen each 1 inch wide and 3 Inches long were prepared. 
One of them was coated with an adhesive uniformly on the 1 
inch X 1 inch area at one end and the other test piece was 
exactly laid thereon. After curing of the adhesive at 50 
25 for 7 days, the test pieces were pulled apart at a pulling 
velocity of 200 mm/minute in a 90° direction to determine 
the strength of adhesive bonding in kg/inch. The adhesive 
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used was either Araldite (a tradename of a modified epoxy 
adhesive manufactured by Ciba Geigy Co. , hereinafter refer- 
red to as adhesive A) or Bond KU15A (a tradename of a ure- 
thane adhesive manufactured by Konlshi & Co. ^ hereinafter 
5 referred to as adhesive B) . 

Charge voltage by rubbing: the best specimen was rubbed in a 
rotary static tester and the charge voltage was determined 
after 1 minute from the beginning of rubbing. The rubbing 
10 body was a cotton cloth under a tension of 200 g and the 
rubbing rate on the teat surface was 750 times per minute. 

Example 1. (Experiments No. 1 and No» 2) 

A sheet of polytetraf luoroethylene resin (Teflon TFE, a 

15 product by E.I. DuPont Co.) was placed in a plasma chamber 

of a low temperature plasma generator and^ after evacuation 

-ft 

of the chamber to a pressure of 10^ Torr, vapor of ethyl- 
amine was introduced into the chamber at a controlled rate 
to give a constant inside pressure of 0.1 Torr. Low tempera- 
20 ture plasma was generated for 2 minutes inside the plasma 
chamber by applying a high frequency electric power of 400 
watts at a frequency of 13.56 MHz to the electrodes so as to 
expose the surface of the resin sheet to the low temperature 
plasma* 

25 

Measurement of the surface properties of the test spe- 
cimen undertaken before (Experiment No. 1) and after 
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(Experiment No. 2) the plasma treatment In the above de- 
scribed manner gave the results shown in the Table given 
below. 

5 Example 2. (Experiment No. 3) o 

The same polytetraf luoroethylene resin sheet as used in 
Example 1 was plasma-treated in substantially the same man- 
ner as in Example 1 excepting the replacement of ethylaimine 
with methylaraine, reduction of the pressure from 0.1 Terr to 

0 0,05 Torr, decrease of the high frequency electric power 
from 400 watts to 200 watts and extension of the treatment 
time from 2 minutes to 5 minutes. 

The Table gives the results of the surface property 
5 measurement of the thus plasma- treated resin sheet. 

Example 3. (Experiments No. k to Mo. 7) 

The same polytetraf luoroethylene resin sheet as used in 
Example 1 was placed in the plasma chamber and, after evacu- 

0 ation of the chamber to a pressure of 10""^ Torr, air was in- 
troduced into the chamber at a controlled rate to give a 
constant inside pressure of 0.05 Torr or 0.1 Torr. Then, va- 
por of methylamine was introduced into the chamber at a con- 
trolled rate so as to give a constant partial pressure of 

^ from 0.1 to 1.5 Torr of the methylamine vapor mixed with the 
air inside the chamber. Low temperature plasma was generated 
inside the plasma chamber for 20 seconds by applying a high 
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frequency electric power of 3 kilowatts at a frequency of 
110 kHz to the electrodes so as to expose the surface of the 
resin sheet to the low temperature plasma. 

5 The Table below gives the results of the surface pro- 

perty measurement of the thus treated resin sheets along 
with the partial pressures of air and methylamine vapor. 

Example (Experiments No. 8 and No. 9) 

10 A sheet of polyvinyl fluoride resin (Tedlar, a product 

by E.I. Du Pont Co.) was placed in the plasma chamber of the 
plasma generator and, after evacuation of the chamber to a 
pressure of 10" Torr, argon gas was introduced into the 
chamber at a controlled rate so as to give a constant pres- 

15 sure of 0.2 Torr under flow of argon gas. Then, vapor of al- 
lylamine was introduced into the chamber at a controlled 
rate and mixed with the argon gas so as to give partial 
pressures of argon and allylamine of each 0.2 Torr. Low tem- 
perature plasma was generated in the thus controlled inside 

20 atmosphere of the plasma chamber for 1 minute by applying a 
high frequency electric power of 1 kilowatt at a frequency 
of 13.56 MHz to the electrodes so as to expose the surface 
of the resin sheet to the low temperature plasma. 

2^ The surface properties of the resin sheet before (Ex- 

periment No. 8) and after (Experiment No. 9) the plasma 
treatment were measured in the above described manner to 
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give the results shown in the Table given below. 

Example 5. (Experiment No. 10) 

The same polyvinyl fluoride resin sheet as used in the 
5 preceding example was placed in the plasma chamber and, af- 
ter evacuation of the chamber to a pressure of 10"^ Torr, 
carbon dioxide gas was introduced into the chamber at a con- 
trolled rate to give a constant pressure of 0.1 Torr inside 
the chamber. Then, vapor of ethylene diamine was introduced 

10 into the chamber at a controlled rate and mixed with the 
carbon dioxide gas therein so as to give partial pressures 
of carbon dioxide and ethylene diamine vapor of 0.1 Torr and 
0.3 Torr, respectively. Low temperature plasma was generated 
for 10 seconds in the thus controlled atmosphere of the 

15 plasma chamber by applying a high frequency electric power 
of 5 kilowatts at a frequency of 110 kHz to the electrodes 
so as to expose the surface of the resin sheet to the low 
temperature plasma. 

20 The surface properties of the thus plasma-treated resin 

sheet were as shown in the Table as measured in the above 
described manner. 

Example 6. (Experiments No. 11 and No. 12) 
25 A copolymeric resin sheet of tetrafluoroethylene and 

ethylene (Aflon, a product by Asahi Glass Co.) was placed 
inside the plasma chamber and, after evacuation of the 
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chamber to a pressure of 10"^ Torr, vapor of trimethylamlne 
was Introduced into the chamber at a controlled rate to give 
a constant pressure of 0,08 Torr inside the chamber. Low 
temperature plasma was generated for 2 minutes in the thus 
5 controlled atmosphere of the plasma chamber by applying a 
high frequency electric power of 500 watts at a frequency of 
13.56 MHz to the electrodes so as to expose the surface of 
the resjln sheet to the low temperature plasma. 

i 
1 

i 

10 . The surface properties of the resin sheet were measured 
before (Experiment No. 11) and after (Experiment No. 12) the 
plasma treatment in the above described manner to give the 
results shown in the Table. 

15 Example 7. (Experiment No. 13) 

The same copolymeric resin sheet as used in the preced- 
ing example was placed in the plasma chamber and, after eva- 
cuation of the chamber to a pressure of 10"^ Torr, vapor of 
formamide was introduced into the chamber at a controlled 

20 rate to give a constant pressure of 0.05 Torr inside the 
chamber under flow of the vapor. Then, vapor of acetic acid 
was introduced into the chamber at a controlled rate and 
mixed with the vapor of formamide so as to give constant 
partial pressures of formamide vapor and acetic acid vapor 

25 of 0.05 Torr and 0.03 Torr, respectively. Low temperature 
plasma was generated for 1 minute in the thus controlled at- 
mosphere of the plasma chamber by applying a high frequency 
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electric power of 2 kilowatts at a frequency of 110 kHz to 
the electrodes so as to expose the resin sheet to the low 
temperature plasma. 

The surface properties of the thus plasma- treated resin 
sheet were as shown in the Table as measured In the above 
described manner. 
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Table 



Sxper- 
No. 



Partial pressures 
in atmosphere (Torr) 



N-contain- Inorganic 
ing orga— I and other 
nic gas [gases 



Contact 
angle 
of Ta- 

er , 
degrees 



Adhesion Adhesive 
o f print- s tr eng th , 
ing* ink , kg/inch , 
number of pith adhe-, 
remaining | slve 
squares 



Charge 
voltage 
by rub- 
bing, 
volts 



B 



Ethylamlne 
(0,1) 

Me thy la- 
mine (0.05) 



bimethyla- 1 
^ mine (0*1) 



5 
6 



3 



10 

HI 

IX 
12 
13 



lAllylaaine Argon 
(0.2) (0.2) 

Ethylene- {Carbon 
Idlamine I dioxide 
(0.5) 1(0.1) 



Trimethyl- 
I amine 
(0.08) 



iForfflamlde 
(0.05) 



lAcetic a- 
cid(0.03) 



132 
kZ 
51 
if? 

38 
113 
38 

38 

108 

36 

k3 



0 

93 
96 

9k 
90 
98 
77 
0 

91 
93 
0 
97 
91 



Ik 
15 
17 

13 
17 
3 
0 
15 

17 



15 



15 



9 

12 
10 

9' 
11 

5 

0 

Ik 

17 



11 



10 



7750 
210 
380 
230 
310 
170 
350 

6300 
250 

390 

-5500 

210 

390 



*) Comparative experiment >rithout plasma treatment 
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WHAT IS CLAIMED IS: 

1. A shaped article of a fluorine containing synthetic 
resin characterized in that the surface thereof has been 

5 subjected to exposure to an atmosphere of low temperature . 
plasma under a -pressure of 10 Torr or below of a nitrogen- 
containing gaseous organic compound represented by the 
general formula 

r1-N-r2, r^_c-N-r5 or R7_xf«R8_M_R9 
10 R O R° r'" r'' 

17 Q 

in which R , Rh and R^ are each a substituted or unsubsti- 
tuted monovalent hydrocarbon group, R^, R^/ R^, R^, H^, R^^ 
and R^^ are each a hydrogen atom or a substituted or unsub- 
stituted monovalent hydrocarbon group and tfi Is a substitute 
15 ed or unsubstituted divalent hydrocarbon group. 

2. A method for improving the surface properties of a 
shaped article of a fluorine-containing synthetic resin 
which comprises subjecting the surface of the shaped article 

20 to exposure to an atmosphere of low temperature plasma under 
a pressure of 10 Torr or below of a nitrogen-containing gas- 
eous organic compound represented by the general formula 



r1-N-r2, r^-C-N.r5 or r7_m_r8^^^jj9 



r3 



25 in which r\ R*^, and R^ are each a substituted or unsubsti- 
tuted monovalent hydrocarbon group, R^, R^, R^, r6^ jjlO 
and R^^ are each a hydrogen atom or a substituted or 
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unsubatl tuted monovalent hydrocarbon group and I3 a 
substituted or unaubstl tuted divalent hydrocarbon group. 

3. The method as claimed in claim 2 wherein the nitrogen* 
5 containing gaseous organic compound is selected from the 

class consisting of methyl amine, dimethyl amine, trlmethyl 
amine, ethyl amine, diethyl amine, triethyl amine, n-propyl 
amine, dl-n-propyl amine, tri-n-propyl amine, n-butyl amine 
n-amyl amine, n-hexyl amine, lauryl amine, ethylene diamine 

10 trlmethylene diamine, hexamethylene diamine, ethanol amine, 
dlethanol amine, allyl amine, aniline, M-methyl aniline, al 
lyl dimethyl amine, dl(2*amlnoethyl) ether, 1-dlmethylamlno 
2-chloro ethane, cyclopropyl amine, cyolohexyl amine, ethyl 
ene Imlne, 1 -methyl ethylene imlne, formamide, M,N-dlmethyl 

IS formamide, capronamide, amlnoacetal, benzyl amine, plperl* 
dine, pyrrolidine and morpholine. 

* * * " 

4. * The method as claimed in claim 2 wherein the pressure 
of the nitrogen-containing gaseous organic compound is in 

20 the range from 0,001 Torr to 1 Torr. 



